Summary. Serum lipoproteins and apolipoproteins were studied at diagnosis and 6, 12 and 24 months later in 30 consecutive children aged 3-15 years with newly detected Type 1 (insulin-dependent) diabetes mellitus (December 1982-October 1984 and in 44 healthy control children. Serum triglycerides at diagnosis were significantly higher than after 6-24 months and also higher than in the control group (p < 0.001). At follow-up, triglycerides in the very low density lipoproteins and low density lipoproteins were restored to normal, while high density lipoprotein triglycerides remained high. Serum cholesterol at onset of diabetes was significantly higher than in the control children (p < 0.01), mainly because of increased very low density lipoprotein cholesterol (p < 0.001). Cholesterol in serum and in the serum lipoprotein fractions was similar to that in the control children at followup, except that high density lipoprotein cholesterol was higher in the diabetic children after 6 months. The concentrations of the serum apolipoproteins A-I, A-II and B were higher at onset of diabetes than in the control children (p < 0.001, p < 0.01, p <0.05 respectively), with a significantly increased ratio of apolipoprotein A-I to A-II in the diabetic children (p <0.001). The serum apolipoprotein concentrations were normalised during treatment. The ratio of apolipoprotein A-I to B did not differ from that in control children. On admission, there were strong positive correlations between HbAao and the concentrations of the very low density lipoproteins and the low density and high density lipoprotein triglycerides. There were also significantly positive correlations (p < 0.01) between HbAle and apolipoprotein A-I and apolipoprotein B respectively. After treatment these correlations disappeared, except for a positive correlation with very low density lipoprotein triglycerides at 2 years. In conclusion, at diagnosis, when the diabetic children were in an insulin-deficient state, all apolipoproteins and serum lipoprotein fractions, except cholesterol in high density lipoproteins and low density lipoproteins were increased. During the first two years of treatment the concentrations of lipoproteins and apolipoproteins in serum are similar to those in healthy children.
Accelerated atherosclerosis is a major cause of early death in Type I (insulin-dependent) diabetes mellitus. The excessive occurrence of cardiovascular disease in diabetes mellitus can be explained at least partly by increased levels of general risk factors for coronary heart disease [1] . As serum lipids are highly correlated to the development of atherosclerosis in non-diabetic subjects, it has been considered important to investigate the concentrations of lipoproteins and apolipoproteins in diabetic patients in an attempt to clarify the underlying mechanisms.
Studies on different serum lipids in children with Type i diabetes have so far yielded somewhat confusing results. In some studies the concentration of high density lipoprotein cholesterol (HDL Chol) was found to be higher than in healthy persons [2, 3] , whereas in another study it was lower, especially during poor diabetes control [4] . Apolipoprotein (apo) A-I was increased in diabetic children in one of our earlier investigations [5] . It has been suggested that the high-density lipoproteins in diabetic children may be qualitatively different from those in healthy control children [3] . We also observed that the plasma lipid ester fatty acid pattern was slightly different in these patients than in healthy control children, the content of linoleic acid being higher [6] . Considered together, these data do not clearly indicate that Type 1 diabetes in young persons is associated with lipoprotein abnormalities which would predispose for development of atherosclerofic cardiovascular disease in the future. All the studies mentioned were performed in patients who had had insulin-treated diabetes for quite a few years. To the best of our knowledge there have been no reports on studies of the very early changes in serum lipoproteins in diabetic children.
In the present study the concentrations of lipoprotein lipid and apolipoproteins in serum during the first two years of diabetes were investigated with the aim of elucidating possible aberrations of lipoprotein metabolism that in the long term might predispose for macrovascular angiopathy.
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Statistical analysis
In the comparisons between patients and control children, Student's t-test was used on normally distributed data and Wilcoxon's signed rank test on data with skewed distributions (all triglyceride data and VLDL cholesterol). The changes in the diabetic group were studied by analysis of variance. In the comparisons between diabetic children and healthy control subjects, separate analyses were also performed in which sex and age were taken into account (< 10 years, >_ 10 years). Correlations within a group were tested by Spearman's coefficient of correlation (rs).
Subjects and methods
The study group comprised 30 children aged 3-15 years referred to the University Hospital, Uppsala, with newly diagnosed diabetes mellitus, who were followed up for at least 2 years. The children represented all children with recent diabetes mellitus in the County of Uppsala in this age group during the study period. Nineteen of the 30 children were gifts and 11 boys. Most of the children were prepubertal, both diabetic patients and control subjects. None of diabetic girls had a history of menarche on admission or during the two years of follow-up, except one. Very few, if any, of the diabetic boys reached puberty during the study. The diabetic children were studied immediately after diagnosis before the first insulin injection (day 0) and 6 months, one year and two years later. Fourty-four healthy children aged 4-16 years, 17 boys and 27 gifts, served as control subjects. Twenty-four of the control children were peers of diabetic children in the study group, matched well for sex and age. Twenty control children were relatives or neighbours of hospital staff representing a similar age group. The diabetic children were treated with intravenous insulin infusion for the first 48-72 h, and then with two doses of combinations of regular (Actrapid, Novo, Copenhagen, Denmark -21 patients December 1982-April 1984; Humulin regular, Eli Lilly, Indianapolis, Ind, USA -9 patients April 1984-October 1984) and intermediate insulins (Monotard in the former group and Humulin NPH in the latter group). During the second year of the study some of the patients were given three daily injections of insulin after the remission period.
Blood samples were taken at 7.00-8.00 hours in the fasting state and before the morning insulin injection in all cases except on day 0 in the diabetic children. In those children, blood samples were taken immediately after the diagnosis of diabetes and before the patient had received the very first insulin injection. Fasting plasma glucose and urine glucose were determined by routine methods. Haemoglobin (Hb) A1 was measured up to March 1984 and Ale from April 1984-April 1985 by standard microcolunm chromatography (Biorad, Richmond, Calif, USA) and HbA~c was later measured by high pressure liquid chromatography (FPLC, Pharmacia, Uppsala, Sweden). All values are expressed as HbAlc.
Lipoprotein separation
Lipoprotein lipid concentrations in serum were determined. Very low density lipoproteins (VLDL), low density lipoproteins (LDL) and HDL were isolated with a combination of preparative ultracentrifugation [7] and precipitation with a sodium phosphotungstate and magnesium chloride solution [8] . Triglyceride (TG) and cholesterol (Chol) concentrations were measured in serum and in the isolated lipoprotein fractions by enzymatic methods, using BoehfingerMannheim (Mimich, FRG) kits 126012 and 124087, modified for use in a Multistat III F/LS apparatus (Instrumentation Laboratories, Lexington, Mass, USA). The concentrations of serum apo B, A-I and A-II were determined by turbidimetry in the Multistat III F/LS apparatus, using monospecific polyclonal antibodies against apo B, A-I and A-II respectively. Before assay the samples were pre-incubated with triglyceride lipase as suggested by DaCol and Kostner [9] .
Results
Healthy control children
The two reference groups did not differ from each other with regard to lipoprotein or apolipoprotein concentrations, except for a small difference in LDL triglycerides. This difference did not influence the conclusions drawn from the results presented. The two control populations (n=24; n=20) were therefore pooled in the further analyses. In this combined control group there was no significant difference between boys and girls or between younger and older children (< 10 years, > 10 years) in any of the 11 studied variables.
Diabetic children
On admission, the relative body weight of the diabetic children was lower than that of the matched healthy control children (the peers), and the subscapular skin fold thicknesses in these two groups were 6.7 + 2.0 and 8.5 + 2.5 mm respectively. However, all children had a body weight within the normal range (mean_ 2SD) for Swedish children of corresponding age. During treatment, the body weight of the diabetic children increased and at 2 years the relative body weight was similar to that of the healthy control children. Interestingly, at this time, while the subscapular skin fold thicknesses in diabetic and healthy boys were the same, the diabetic girls had a significantly greater skin fold thickness than their healthy counterparts, in spite of the similarity in relative body weight (p < 0.05).
The mean serum TG concentration in the diabetic children was significantly higher at the time of diagnosis of the diabetes than at the three follow-ups, and was also higher at diagnosis than in the control group (p<0.001) ( Table 1 ). These differences were mainly due to greatly increased concentrations of TG in the VLDL fraction (p <0.001). LDL TG and HDL TG were also significantly higher at diagnosis (p < 0.001) than in the control group. During the first year of the follow-up period HDL TG remained slightly but significantly elevated in the diabetic group, while VLDL TG was transiently somewhat lower than in the control children after six months. After 2 years, however, neither of these two variables differed between the two groups. The mean serum cholesterol concentration was significantly higher at diagnosis in the children with diabetes mellitus than in the control group (p < 0.05). This difference was due to high levels of VLDL cholesterol, which were significantly increased at that time (p < 0.001). The LDL and HDL cholesterol fractions were not significantly changed at onset of diabetes. After 6 months HDL Chol was increased in the diabetic children, and it was also slightly higher at 2 years, although it was not statistically different at that time from the value in the control children. With this exception, the cholesterol concentrations in all serum fractions and in whole serum were similar to those of the control children during the follow-up period.
The mean apo A-I concentration was increased at diagnosis in the diabetic children in comparison with healthy control children (/7 < 0.001) ( Table 2 ). After six months to two years the level remained stable and did not differ from the value in the control group.
The concentrations of apo A-II and apo B behaved like that of A-I, with increased initial values which were restored to normal as early as at six months, but the changes were of lower significance from those in the control children (A-II, p < 0.05; B, p < 0.05).
The ratio of apo A-I to A-II was significantly higher in the diabetic patients on admission than in the control children (p < 0.001). After institution of insulin, the ratio was restored to normal and did not differ significantly from that in the control group. The ratio of apo A-I to apo B did not differ from that in the control subjects.
Relationships between lipoprotein variables and degree of carbohydrate control
On admission there were strong positive correlations between the HbAlc concentration and the concentrations of VLDL TG (r= 0.63; p < 0.001), VLDL Chol (r = 0.62; p < 0.001), LDL TG (r = 0.41 ; p < 0.05), HDL TG (r = 0.65; p < 0.01), serum TG (r = 0.72; p < 0.001) and serum Chol (r = 0.53; p < 0.01) respectively. Similar, but weaker correlations were found between these lipoproteins and plasma glucose. HbAlc was also significantly correlated to both apo B (r = 0.52; p < 0.01) and apo A-I (r = 0.59; p < 0.01).
After insulin treatment most of the correlations between the variables of carbohydrate control and the lipoproteins disappeared. At 2 years the concentration of HbAlc was positively correlated with VLDL TG (r=0.49; p<0.01) and serum TG (r=0.42; p<0.05), respectively, but no longer showed any significant correlation with the serum apolipoprotein concentra-tions. Neither at six months, one year nor two years were there any significant correlations between the insulin dosage per kilogram body weight and the lipoprotein variables tested.
Relationships between apolipoprotein and lipoprotein lipid concentrations
On admission apo A-I showed significant linear correlations with the concentrations of VLDL cholesterol (r=0.52; p<0.01), LDL triglycerides (r=0.54; p< 0.01) and HDL triglycerides (r = 0.59; p < 0.01). The correlation between apo A-I and HDL Chol was also positive but weaker (r=0.48; p < 0.05). Apo A-I displayed a strong positive correlation with serum cholesterol (r=0.63; p < 0.001) and a significant correlation with apo B (r = 0.49; p < 0.05), but no correlation with LDL Chol. Apo B was significantly correlated to VLDL TG (r=0.42; p<0.05), VLDL Chol (r=0.45; p < 0.05), LDL TG (r = 0.58; p < 0.01) and HDL TG (r = 0.43; p < 0.05), and also with LDL Chol (r = 0.69; p < 0.001).
After two years of insulin treatment no significant correlations remained between apo A-I or apo B and the concentrations of VLDL, LDL triglycerides or HDL triglycerides. There was no significant correlation between apo A-I and apo B. On the other hand, at this time, when all the apolipoprotein and lipoprotein concentrations were virtually normal, there was a very strong positive correlation between apo A-I and HDL cholesterol (r = 0.90; p < 0.001), indicating that the major variation of apo A-I was now related to the HDL concentration. Similarly, apo B was strongly correlated only to LDL Chol (r= 0.90; p < 0.001) at this time.
Influence of age and sex
At onset of diabetes mellitus the values for nine of the 11 variables analysed differed from the corresponding values in the healthy control children. The differences between diabetic children and control subjects could not be explained by differences in a specific sex or age group, the pattern being similar in all the subgroups analysed.
Discussion
In earlier studies we found that in children who had had diabetes for more than two years, treated in the same way as the patients of this study, the HDL cholesterol [2] and apo A-I concentrations were increased [5] . The group of homogeneously treated children with diabetes in the present study was found to have concentrations of lipoproteins and apolipoproteins in whole serum similar to those in healthy children during the first two years of treatment, except for significantly increased HDL TG the first year and HDL chol M. Kobbah et al.: Lipids and apolipoproteins i n early childhood IDDM at six months. However, at the time of diagnosis all apolipoproteins and the serum lipoprotein triglyceride and cholesterol concentrations, except cholesterol in HDL and LDL, were significantly increased.
The blood sampling on admission differed from that performed later by not being systematically done in the fasting state. Children referred to hospital for overt diabetes are in a catabolic condition, most often with a poor appetite. At the time of blood sampling they had been under investigation for some hours, with no opportunity to have any food. Differences in their lipoprotein pattern, as compared with that in the control children, would therefore be expected not to be due to non-fasting but rather to be the effect of the disease state. Although it cannot be excluded that dietary factors may have contributed to the triglyceride increase in a few patients, it is not plausible that this could explain the rather pronounced lipoprotein aberrations seen in every one of these children as compared with healthy children on average Swedish diets.
The simultaneous elevation of the VLDL lipid levels and the LDL and HDL triglycerides is a common pattern in hypertriglyceridaemic syndromes. The high VLDL lipid levels are due to accumulation of triglyceride-rich particles in the circulation. The pronounced increase in LDL triglycerides, in combination with normal LDL cholesterol, indicates an increased content of intermediary lipoproteins with a high triglyceride content (density <1.0t9) within the conventional LDL density range (1.006-1.063). The reason for the increased HDL triglycerides is probably an exchange of cholestero~ esters for triglycerides between HDL and VLDL and~LDL, mediated by the cholesterol ester transfer protein [10] .
The hypertriglyceridaemia on admission may have been due to a combination of increased hepatic triglyceride production and delayed removal of triglyceriderich lipoproteins [11] . The insulin deficiency results in enhanced lipolysis, leading to a high concentration of circulating free fatty acids, which together with the high blood glucose concentration may serve as precursors for triglyceride synthesis. On the other hand, the capacity for hepatic triglyceride synthesis is limited, owing to the lack of insulin, favouring oxidation of the fatty acids to ketone bodies.
Lipoprotein lipase, the key enzyme in the hydrolysis of circulating lipoprotein triglycerides, is activated by insulin [12, 13] . In an insulin-deficient state the lipoprotein lipase activity decreases, causing accumulation of lipoprotein triglycerides in the circulation [14] . This may be the major cause of the fairly pronounced hypertriglyceridaemia in some of the diabetic children (Fig.l) .
After commencement of insulin treatment, the activity of lipoprotein lipase becomes normalised, lipolysis is reduced and the glucose concentration is lowered. The slightly subnormal VLDL triglyceride concentration, associated with an increased HDL choles- terol concentration at six months, may be explained by relatively high peripheral insulin concentrations [15], leading to higher than normal lipoprotein lipase activity. It has been shown repeatedly that HDL cholesterol increases during insulin treatment [16] [17] [18] [19] and evidence has been presented to indicate that this increase may be due to increased lipoprotein lipase activity [11] .
Whether the normal HDL cholesterol on admission, in spite of insulin deficiency with low lipoprotein lipase activity and high serum triglycerides, may have been due to low activity of hepatic lipase also [20, 21] , or to changes in the properties of the apolipoproteins caused by glycosylation [22[, or both, is a matter of speculation.
An interesting finding in this study was that the concentrations of apo A-T, A-II and B were increased on admission, in spite of normal concentrations of HDL and LDL cholesterol; but were restored to normal during insulin treatment. The relative increases in apo A-I (+16%) and apo B (+14%) were more pronounced than that in apo A-II (+11%). As a consequence, the mean ratio of apo A-I to apo A-II was significantly higher (p < 0.001) on admission than that in the control subjects, but returned to normal during treatment. This may indicate that not only the concentration but also the composition of HDL is abnormal in insulin-deficient diabetes. This was also suggested by Eckel et al. [23] , who found increased A-I/A-II ratios in insulin-treated diabetes. However, an alternative explanation for the relatively high levels of apo A-I and apo B in our insulin-deficient diabetic children is that they are due to the presence of the former apolipoproteins in triglyceride-rich lipoproteins with a density of < 1.019. Compatible with this concept was the finding that aop A-I and aop B were normalised (decreased) during treatment, in parallel with the concentrations of the very low density lipoproteins and the LDL triglycerides, while the LDL and HDL cholesterol levels remained unchanged or increased slightly. Also, the finding in the present study of strong correlations of both apo A-I and apo B with the concentrations of the VLDL cholesterol and LDL triglycerides on admission, is compatible with the view that a significant proportion of these apolipoproteins was transported in lipoproteins with a density of < 1.019. In normal subjects there is an inverse correlation between apo A-I and the plasma triglycerides [24] and the concentrations of apo A-T (and HDL cholesterol) and apo B tend to vary inversely. A significant proportion of apo A-I is synthesized in the intestine and incorporated into the chylomicrons [25, 26] , Subsequent to hydrolysis of the chylomicron triglycerides by lipoprotein lipase, surface material containing apo A-I is transferred to HDL [26] . As a consequence of delayed chylomicron hydrolysis due to insulin deficiency, an increased proportion of apo A-I in serum may remain in the lipoproteins and with density < 1.006. Simultaneously, the content of apo B will increase in lipoproteins with a density of < 1.019, as a result of retarded removal of chylomicrons, VLDL and lipoproteins of intermediate density. The increased ratio A-I/A-II is compatible with the fact that the intestine seems to make a less important contribution to apo A-II synthesis than to apo A-I synthesis [27] . In experimental studies on diabetic rats [28] , apo A-I, A-IV and B were found to be increased in lipoproteins with a density of < 1.006, while the content of apo E was reduced. In a subsample of the diabetic patients the apolipoprotein concentrations in the lipoprotein fraction with density > 1.006 was determined both on admission and at one year. The apolipoprotein concentrations in the tipoproteins with density < 1.006 was estimated as the difference between the concentrations in whole serum and in the lipoprotein fraction with density > 1.006. In all patients a higher proportion of both apolipoprotein B and A-I was found in lipoproteins with density < 1.006 on admission than at 1 year (unpublished data).
In accordance with the above discussion, an increased apo A-I concentration in diabetic patients may not be indicative of an "anti-atherosclerotic" state, but rather of relative insulin deficiency and delayed triglyceride removal. Apo B has been considered a sensitive indicator of glycaemic control in adult diabetic patients [29] , with reduced levels during intensified insulin treatment. The relationships between HbAlo and the lipoprotein composition on admission indicate that the relative increases of both apo B and A-I were related to glycaemia; the higher the concentrations of apolipoproteins, the poorer the metabolic control.
Whether an increased HDL concentration, if due to a high peripheral insulin concentration and enhanced lipoprotein lipase activity, is beneficial remains an open question.
Finally this study also shows that it is possible to achieve a virtually normal lipoprotein pattern in diabetic children during a period of intensive treatment with a dietary regimen and insulin.
